Objectives-To study the differences between endocardial bipolar and unipolar ventricular paced evoked responses and surface electrocardiograms.
between endocardial bipolar and unipolar ventricular paced evoked responses and surface electrocardiograms.
Patients-10 patients with conduction system disease awaiting insertion of a permanent pacemaker were studied with temporary ventricular pacing from the right ventricular apex.
Main outcome measure-Comparison of the durations of the QRS complexes and QTa and QTe intervals of the endocardial bipolar paced evoked response and the surface electrocardiogram with those of the reference unipolar paced evoked response.
Results-By comparison with the unipolar reference, the mean durations of the QRS complexes of the bipolar signal and the surface electrocardiogram were 41-8% and 132-1% respectively. The mean QTa interval was 85-9% and 112 2% respectively and the mean QTe interval was 86-9% and 109-5% respectively. All these differences were significant. The amplitudes of the unipolar QRS complexes and T waves were significantly larger than those recorded in the bipolar configuration.
Conclusions-Differences between the unipolar and bipolar ventricular paced evoked responses are significant. The time course of the unipolar signal is closer to that of the surface electrocardiogram. This indicates that the unipolar paced evoked response does not reflect local electrophysiological events, as has been suggested previously.
(Br Heart J 1992;68:398-402) The ventricular paced evoked response was first described in 1981 and has been used to provide the sensor for the QT sensing, rate adaptive pacemaker.' The paced evoked response is recorded conventionally as a unipolar signal with the negative pole within the heart and the positive pole, which is usually the case of the pacemaker, at a variable distance on the body's surface. Previous studies have noted that the interval between the pacing stimulus and the apex of the evoked T wave corresponds roughly to the time to 90% repolarisation of a locally recorded monophasic action potential. 2 Consequently, it has been assumed that the paced evoked response reflects the duration of local action potential and that it might provide an easy measurement of local ventricular repolarisation as an alternative to the monophasic action potential. By its nature, however, a unipolar electrogram contains both local and far field components.4 Previous investigators have cautioned against using unipolar signals to determine local electrophysiological events.5 By contrast, both poles of a bipolar system are located within the same cardiac chamber, and this type of electrogram is inherently more suited to the assessment of local depolarisation and repolarisation.
The aims of this study were to compare the characteristics of simultaneously recorded bipolar and unipolar paced evoked responses and to assess the relative contributions of local and global myocardial depolarisation and repolarisation to the morphology of the unipolar paced evoked response.
Patients and methods

PATIENT SELECTION
Ten patients (mean age 66-3 years; six men) were studied. Five had complete heart block, and the rest had sick sinus syndrome. In simultaneous recording of the unipolar and the bipolar paced evoked responses being recorded between the tip and ring electrodes (separation 10 mm) of the pacing lead. The output of the pulse generator was set to twice the diastolic threshold with a pulse duration of 0 5 ms, and the rate was fixed to ensure continuous capture.
For patients with complete heart block the pacing rate was 70 beats/min. For patients who had sinoatrial disease faster rates were necessary to ensure continuous pacing (80-110 beats/min), although the minimum overdrive pacing rate was used to minimise the potential adverse haemodynamic effects and their associated autonomic reflexes. These may occur with ventricular pacing in this group ofpatients and could have affected the values studied. Electrograms were recorded on a chart recorder (Gould ES 1000) at a paper speed of 100 mm/s after a minimum of three minutes of pacing to ensure stabilisation of the myocardial repolarisation time."'
The endocardial electrograms were compared with the complexes of the standard 12 lead surface electrocardiogram recorded in turn together with the simultaneous unipolar and bipolar paced evoked responses. There is no generally accepted method for selecting leads for measuring the QT interval. Therefore, to standardise the measurement technique in our study the criteria for selecting the surface electrocardiogram lead that was to be compared with the paced evoked responses were that it should show a clearly defined T wave and the least difference in total duration when compared with the unipolar paced evoked response. The second criterion used minimised the probability. of detect-ing a significant difference between the QT intervals of the evoked response and the surface electrocardiogram. Consequently, measurements of the surface electrocardiogram were made most frequently from leads VI and V2. Right ventricular apical pacing produced the expected pattern of left axis deviation and complete left bundle branch block in all cases."
DEFINITIONS AND MEASUREMENTS
Evoked QRS complex In the paced evoked response the initial deflection after the pacing stimulus is negative (evoked QRS complex) and denotes spread of the depolarisation wavefront away from the stimulating electrode; it is followed by a positive evoked T wave (fig 1) . The duration of the evoked QRS is a measure of total ventricular depolarisation time in the area of the heart subtended by a sensing dipole, and it depends on the separation of the dipole.'2 The duration of the evoked QRS, defined as the interval between the pacing stimulus and the end of the S wave--that is, the point when the isoelectric line is crossed'3 was measured for the simultaneous bipolar and unipolar paced 
Results
COMPARISON OF EVOKED QRS DURATIONS
The duration of the measured QRS interval increased progressively from the bipolar to the unipolar paced evoked response and from this to the measurements made from the surface electrocardiogram (table 1 and fig 2) . Analysis of variance indicated that the durations of the QRS complexes of the bipolar paced evoked response and the surface electrocardiogram differed highly significantly from that of the unipolar evoked response (Fobs = 1 17-6, p < 0-0001, where Fcrit = 5 49 at the 5% level). The differences in absolute terms were less between the unipolar paced evoked response and the surface electrocardiogram (32-1%) than those between the two paced evoked responses (58-2%). This suggests that the unipolar paced evoked response more closely resembles the surface electrocardiogram and therefore reflects a depolarisation wavefront recorded over a larger area than the local electrical activity recorded by the bipolar paced evoked response.
COMPARISON OF THE EVOKED QT INTERVALS
The changes in the QTa and QTe intervals showed a similar pattern to that for the duration of the QRS interval (table 1, fig 3a and b) . The differences in the mean durations of the QTa and QTe intervals of the bipolar evoked response (QTa 141%, QTe 131%) and the surface electrocardiogram (QTa 12-2%, QTe 9-5%) were similar when compared with the unipolar evoked response. For the QRS component these differences in the QT intervals were highly significantly different (for QTa intervals Fobs = 161-8, p < 0-0001; for QTe intervals Fobs =83-4, p < 0-0001, where Fcrit = 5 49).
AMPLITUDES OF THE EVOKED QRS AND T WAVES
The difference between the mean amplitudes of the bipolar and unipolar paced evoked QRS complexes was -3-49 mV, with a 95% CI of -4-7 to -2-3 mV (p < 0-001). Similar significant differences were found for the mean evoked T wave amplitudes. The difference between the mean amplitudes of the bipolar and unipolar evoked T waves was -3-08 mV, with a 95% CI of -4-4 to -17 mV 
Discussion
The main bioelectrical events of ventricular electrograms are the intracardiac QRS complex, the intracardiac T wave, and any possible superimposed injury current. The first two components have been discussed in detail. Six of the temporary electrodes had been in place for more than 48 hours, and any injury current had probably resolved.'6 Our previous work in which the reproducibility of the relation between the paced QT interval and rate has been examined with an interval of not less than 24 hours has shown no significant difference in the morphology of the paced evoked response. Furthermore, ST segment shift is unlikely to have affected the measurements made in this study.
Electrocardiograms are the net result of the electric currents generated by ion exchange across cardiac cell membranes. The heart gen- (skin-air, and intracavity blood mass within the Our results indicate that, contrary to heart) are non-homogeneous conductors, and previously published data, the unipolar paced the irregular form of the torso will affect the evoked response is significantly influenced by shape and amplitude of the potentials re-far field electrical phenomena and is unlikely to corded.17-19 Lewis and Rothschild were the first give quantitative information about local to recognise that unipolar electrograms con-myocardial depolarisation and repolarisation; tained both local components (intrinsic de-these three electrograms should therefore be flection) and signals generated by more remote considered as separate entities. Further studies tissue (extrinsic deflection). 4 of the duration of local action potentials that Later studies have shown that the shapes and use the paced evoked response are probably peak to peak voltages of unipolar electrograms best conducted with a bipolar sensing are influenced mainly by the superposition configuration. The larger amplitude of the effects of distant excitation waves and not by unipolar paced evoked T wave compared with local events.202' Blanchard et al have shown the simultaneous bipolar signal, however, that the electrical activity associated with implies that its detection in the QT sensing activation of the left ventricle has a significant pacemaker is more certain with the first sensing effect on the right ventricular unipolar electro-configuration. The preliminary evidence that the unipolar evoked response might reflect a dominance of local electrophysiological changes around the
